Large numbers of infants and young children suffer from the short-and long-term health effects of poor breastfeeding and complementary feeding practices. Strategies to improve the availability of and access to low-cost fortified complementary foods can play an important corresponding role to that of behavior change in improving nutritional status of young children. However, the nutritional quality of complementary foods used in publicly funded programs is not always optimal, and such programs are costly and reach only a tiny fraction of those who could benefit. To broadly reach the target population, such foods need to be commercially available at affordable prices and promoted in a way that generates demand for their purchase. A sensible long-term policy for the promotion of low-cost fortified complementary foods calls for attention to their nutritional formulations and cost, the economics of production, and the legislative, regulatory, and competitive framework in which marketing occurs. This paper provides information on how to improve the nutritional formulations of fortified complementary foods and outlines the necessary conditions for a market approach to their production and promotion.
Introduction and background

Scope of the paper
The lack of access to adequate nutrition, basic sanita-tion, and health care throughout the developing world has an adverse impact on the physical and mental development of infants and young children. Poor breastfeeding and complementary feeding practices and food insecurity, together with a high prevalence of diarrhea and respiratory infections, exacerbate these inadequacies. As a result, large numbers of infants and young children suffer from short-and long-term effects on their health, which in turn impact negatively on social and economic development. Improved infant and young child feeding behaviors do not occur in isolation but reflect the micro-and macroenvironment in which they are situated. To promote the recommended practice of exclusive breastfeeding for the first six months, changes at the individual, programmatic, and policy levels are necessary to ensure that mothers are supported to carry out this desired behavior. Thereafter, interventions to support mothers or carers and to create a favorable policy environment for carrying out the desired complementary feeding behaviors (including continued breastfeeding) are not sufficient, as the availability of and access to nutrient-dense foods becomes a necessary condition to ensure optimal nutritional status.
Strategies to improve the availability of and access to low-cost fortified complementary foods can play an important corresponding role to that of behavior change. However, the nutritional quality of complementary foods used in publicly funded programs is not always optimal. Also, such programs are costly and reach only a tiny fraction of those who could benefit from them. To reach large numbers of the target population, fortified complementary foods need to be available in the commercial market at affordable prices and to be promoted in a way that generates demand for their purchase. In this regard, the market has failed to fulfil an important function.
A sensible long-term policy for the promotion of low-cost fortified complementary foods calls for attention to their nutritional formulations and cost, the economics of production in both the public and the commercial sectors, and the legislative, regulatory, and
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Mention of the names of firms and commercial products does not imply endorsement by the United Nations University. Chessa K. Lutter competitive framework in which marketing occurs. In addition, a fundamental component of such a policy is attention to consumer demand and willingness to purchase fortified complementary foods.
The objectives of this paper are twofold: to provide information on how to improve the nutritional formulations of fortified complementary foods used in publicly funded programs, and to outline the necessary conditions for a market approach to the production and promotion of low-cost, high-quality fortified complementary foods. The three main sections focus on the nutritional, economic, and policy issues that need to be considered. Recommendations for action are also provided. Because access to fortified complementary foods is mostly easy in the industrialized world, this paper focuses on the situation in developing countries. It does not address microlevel approaches to improve the availability and preparation of complementary foods at the household and community level or the critical role of feeding practices, both of which are addressed in other articles in this issue.
Background WHO/UNICEF recommendations
Historically, the World Health Organization (WHO) and the United Nations Children's Fund (UNICEF) have emphasized the use of local foods formulated in the home rather than centrally produced fortified foods for complementary feeding. The Joint WHO/UNICEF Meeting on Infant and Young Child Feeding in 1979 recommended the "promotion and support of appropriate and timely complementary feeding (weaning) practices with the use of local food resources" [1] . The recommendations went on to state: "Foods that are locally available in the home can be made suitable for weaning, and their use should be strongly emphasized in health, education, and agricultural extension programmes." The International Code of Marketing of Breast-Milk Substitutes [2] also emphasized the importance of local foods for complementary feeding and made the following statement in the preamble: "…it is important for infants to receive appropriate complementary foods…and…every effort should be made to use locally available foods…"
More recently, scientific knowledge about the energy and nutrient density needed from complementary foods has raised questions about the ability of local complementary foods to satisfy the requirements for iron, zinc, and calcium [3] . An evaluation of the nutrient density of local complementary foods, in light of the newly released US Dietary Reference Intakes (DRIs), continues to show iron, zinc, and also vitamin B 6 as problematic [4] . In addition, riboflavin and niacin are identified as problematic in some populations. The degree to which calcium, vitamin A, thiamine, folate, and vitamin C are identified as problematic depends on whether recommendations from the United Kingdom or the United States are used.
In recognition of the potential limitations of purely home-based approaches to satisfy the requirements for these foods, the WHO/UNICEF Global Strategy for Infant and Young Child Feeding [5] , ratified by the World Health Assembly in May 2002, includes the following points: 16 . In addition, low-cost complementary foods, prepared with locally available ingredients using suitable smallscale production technologies in community settings, can help to meet the nutritional needs of older infants and young children. Industrially processed complementary foods also provide an option for some mothers who have the means to buy them and the knowledge and facilities to prepare and feed them safely. Processed-food products for infants and young children should, when sold or otherwise distributed, meet applicable standards recommended by the Codex Alimentarius Commission and also the Codex Alimentarius Code of Hygienic Practice for Foods for Infants and Children. 17 . Food fortification and universal or targeted nutrient supplementation may also be required to ensure that older infants and young children receive adequate amounts of micronutrients.
Use of fortified complementary foods in publicly funded programs
Fortified complementary foods are widely used in publicly funded social programs throughout Latin America [6] and other regions of the world. Although there are large conceptual and practical problems in measuring the costs of such programs [7] , the attempts made have shown large dollar expenditures [6] . In 1991 the World Bank estimated that US$1.6 billion was spent annually in Latin America in 104 different programs [8] . In the 1997 Peruvian National Food and Nutrition Plan, a total of US$326 million was allocated for food, a large proportion of which went to infant and young child feeding programs. A review of the US Agency for International Development (USAID) Title II Food Aid programs shows that in 1998, nearly US$50 million was spent on program support costs in Bolivia, Guatemala, Haiti, Honduras, Nicaragua, and Peru (personal communication, Rajabium S, Food and Nutrition Technical Assistance [FANTA] Project, Academy for Educational Development, Washington, DC, 1999). In Argentina, US$25 million is spent annually to provide milk to low-income women and children. Chile also has a large milk distribution program. It is likely that large expenditures from international and national budgets occur in other regions of the world, though specific information is lacking.
Not only do these programs reach large numbers of children, but they have also become part of the social fabric and are unlikely to be eliminated. Therefore, it is incumbent on public health professionals to ensure that these programs deliver the highest-quality food at the lowest possible cost. In addition, because of the importance of nutrient-dense foods during the complementary feeding period and trends toward ever-increasing urbanization throughout the world, a renewed look at the potential marketability to middleand low-income consumers of high-quality, low-cost fortified complementary foods is warranted.
Effectiveness in improving nutritional status
High-quality, low-cost fortified complementary foods with a good distribution system are effective in improving micronutrient status among the target population. In Peru, Alli Alimentu, a fortified complementary food that reflects the most recent scientific information on infant and young child nutrient needs, was effective in improving the energy intake and micronutrient status and significantly reduced the prevalence of anemia and of vitamin A deficiency [9] . In Chile, the fortification of milk powder with iron (10 mg/100 g as ferrous sulfate), zinc (5 mg/100 g), copper (0.05 mg/100 g), and ascorbic acid (70 mg/100 g) also resulted in significant reductions in anemia [10] . The fortification of the milk powder used in the supplementary feeding program in Argentina (12 mg of iron as ferrous sulfate, 6 mg of zinc, and 100 of ascorbic acid) has been mandated, and the evaluation is in progress (personal communication, Calvo E, Maternal and Child Health Program, Ministry of Health, Argentina, 2001).
The effect of complementary foods on linear growth is not as well established as its effect on micronutrient status [11] . However, unlike micronutrient status, linear growth reflects both nutrient intake and morbidity, which is frequent in this age group. In addition, small maternal size, itself a function of poor growth in early life, may compromise prenatal growth in a way that adversely affects the ability of children to reach their postnatal growth potential. More than one generation of improved infant and young child feeding may be necessary before the total effects on linear growth are fully measured [4] .
Unfortunately, the formulations of many of the foods used in public programs do not reflect the latest scientific information on infant and young child nutrient needs, and therefore the foods may not be having the intended effect. The bioavailability of key nutrients, such as iron and zinc, is likely to be considerably less than previously believed because of the high phytate and low fat content of the older formulations. Also, because in the older formulations the fat content is extremely small and the protein content extremely large, their palatability is likely to be low relative to the newer formulations that include at least 10% of energy as milk. Unfortunately, no data on the intake of these older formulations are available.
Commercial availability and urbanization trends
The availability of high-quality, low-cost fortified complementary foods on the commercial market is almost negligible in the developing world.* Nearly 50% of the developing world's population is urban, and the trend is toward increasing urbanization (fig. 1) [12] ; in Latin America it is nearly 80% ( fig. 2 ). Urban populations purchase a large proportion of their food and rely on a cash economy far more than rural populations. In Accra, Ghana, more than 90% of the food consumed was purchased [13] . In comparison with women in rural areas, women in urban areas are more likely to work outside the home, to receive wages for their work, and to be the head of the household [12] . All these factors limit their time for cooking and caring for their children, with particular constraints on the time availa- ble for them to prepare nutrient-dense complementary foods for their older infants and young children.
In the past, public institutions concerned with nutrition have introduced a large number of low-cost fortified complementary foods into the commercial market. However, few have experienced sufficient demand to become profitable, and they have nearly all failed to improve the availability of fortified complementary foods through the commercial sector. A notable exception to these market failures is Incaparina [14] , which was developed by the Institute of Nutrition of Central America and Panama (INCAP) and continues to be widely consumed in Guatemala.* In a recent study in both a poor periurban mestizo population and a rural indigenous one, infants and toddlers consumed Incaparina for a period of 15 days in the previous month [15] , indicating that it is widely accepted in both urban and rural areas and among the indigenous community.
Creating demand
Concern for consumer demand, a key element in any market approach, has been missing in previous strategies to improve access to high-quality fortified complementary foods. As summarized by Mora [16] , consumers are attracted to commercial products that meet their perceived needs; are of good qualitythough not necessarily nutritional-regarding some functional properties such as texture, color, flavor, ease of preparation, and preservation; and are reasonably priced. Low-income consumers do not behave differently from other consumers except that the price is of critical importance and functions as a gatekeeper to access. Many snack foods of poor nutritional quality that meet the above criteria are now consumed in the developing world, even by low-income groups. Consumer demand for processed foods is growing with urbanization, thus favoring a commercial approach with respect to fortified complementary foods.
The perceived needs of consumers can be modified through education and social marketing interventions aimed at enhancing awareness of health and nutrition [17] . In public health this has been best exemplified by the social marketing of contraceptives, oral rehydration salts, and iodized salt. However, the demand for improved complementary feeding strategies and complementary foods is a necessary condition to support a market-based approach.
Working with the private sector
Fortification of staple foods
Interest in working with the private sector to improve the micronutrient status of the population is increasing. In staple-food fortification it has been possible to reconcile the health interests of the public sector with the economic interests of the private sector within a strong legislative and regulatory framework so that both sectors and the population at large benefit. The many successful experiences throughout the worldcoupled with the fact that such programs, once implemented, are self-financing-have resulted in a high level of international technical and financial support for the promotion, implementation, and monitoring of staple-food fortification.
Implications for fortification of complementary foods
Although the steps involved in the promotion of fortified complementary foods through the commercial sector have some similarities to those of staple-food fortification, there are some fundamental differences. Unlike staple foods, there is no commercial market for fortified complementary foods among low-and middle-income consumers, and such a market would have to be developed.*Also, excess in the use of fortified complementary foods has the potential to impact negatively on the practice of breastfeeding and the use of traditional complementary foods, especially their preparation in a manner (usually from excessive dilution or poor hygiene) that undermines rather than promotes good nutrition. A key challenge, therefore, is how to generate a positive policy and legislative environment that encourages the production and marketing of such foods at affordable prices. At the same time, this policy and legislative environment must ensure that breastfeeding is protected, foods are correctly prepared and stored, and consumers are not left with the impression that only a particular brand can meet the needs of their children or that local foods are not also important.
Private-sector production of complementary foods used in public programs
In the public sector, many of the fortified complementary foods used in feeding programs are produced and distributed by the private sector under contract to national governments or international agencies [6] . The World Food Program (WFP), USAID, and national governments have recognized the advantage of using the food industry to produce and distribute fortified complementary foods. Quality control is ensured * Although it was not developed as a fortified complementary food, Incaparina is fed to children in the targeted age range as well as to other family members. At present the production, quality control, and distribution of Incaparina rest with Alimentos SA, a private firm that has the rights to the product [14] .
* The lack of a market for fortified complementary foods reflects, in part, the general lack of recognition by parents, health providers, and government leaders of the critical importance of complementary feeding to child health and social and economic development. and appropriate messages about breastfeeding and complementary feeding are included by using clearly written and enforceable contracts. This is in contrast to the previous emphasis on the production by national governments or the WFP, where state-owned and operated factories were set up for the purpose of producing complementary foods. In Colombia, the three government-owned factories have been leased through a competitive bidding process to the private sector for the production of Bienestarina, which is used widely in public-sector programs. Since 1991, the WFP has also shifted its focus to work with private-sector companies in Bangladesh, Eritrea, Ethiopia, India, Kenya, Malawi, Nepal, Nicaragua, Senegal, Uganda, and Zambia, with excellent results [18] .
Potential role of the private sector in the commercial market
The private sector can potentially play an important role in developing and marketing high-quality, low-cost fortified complementary foods, similar to their role in staple-food fortification. To do this, however, requires generating consumer demand for such products. Also, the different objectives and responsibilities of the private and public sectors must be recognized and maintained because they have the potential to be in conflict, as has been well documented in the marketing of infant formula (including follow-on formulas) and related products [19] [20] [21] . Private-sector companies have a strong incentive not to market unsafe foods, otherwise they would cease to exist. However, this is not necessarily the same as producing a high-quality product at an economically accessible price and marketing it in a way that also promotes optimal breastfeeding and other complementary feeding practices, which are consistent with the objectives of the public sector.
Scientific considerations
Nutritional composition of fortified complementary foods and costs
Macronutrient composition
The nutritional characteristics of fortified complementary foods have improved over time [6] (table 1) . Foods formulated in the 1990s have a higher content of fat and a lower content of protein than foods formulated in the 1970s and 1980s, and they reflect changes in scientific knowledge about the nutritional needs of infants and young children. The protein content of the recently formulated foods from Ecuador, Mexico, and Peru is less than 15 g per 100 g of dry product, as compared with approximately 25 g per 100 g of dry product for the Guatemalan and Colombian foods that were formulated in the 1970s and 1980s. The fat content of the Peruvian food is nearly 15 g per 100 g of dry product, as compared with less than 2 g per 100 g of dry product in the Colombian foods. Thus, the recently formulated foods have a higher energy and nutrient density than the foods formulated prior to the 1990s.
Micronutrient composition
The content of micronutrients also varies considerably across different foods and is best considered in terms of daily ration size. This varies from 90 g per day in the food from Peru to 39 to 56 g in Incaparina (depending on the number of servings consumed; the package recommends two to three servings of 18.75 g) (table 2). Although iron is routinely added to all foods, the content per daily ration ranges from 10 mg in the food from Mexico to 4 mg in Incaparina ( fig. 3 ). Also, the iron compound, which determines bioavailability, varies among the different foods. To further complicate the comparison of iron content and bioavailability, the amount of ascorbic acid, which promotes the absorption of some iron compounds, ranges from 20 to 92 mg per 100 g of dry product. As a result, foods with the same iron content and iron compound may have very different amounts of bioavailable iron.
Zinc, identified as another problem nutrient by the World Health Organization (WHO) [3] , is also highly variable ( fig. 4 ). It is not routinely added to Incaparina or to Bienestarina, one of the foods from Colombia. Its content is close to 10 mg per daily ration in the more recently formulated foods, as compared with less than 3 mg in the older formulations. The vitamin A content ranges from 38 µg RE (retinol equivalents) per daily ration in the food from Ecuador to 649 µg RE in the food from Peru ( fig. 5 ). The calcium content ranges from nearly 400 mg per daily ration in the Title II USAID/WFP program to 114 mg in Incaparina. 
Iron (mg)
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Costs
The cost of the fortified complementary foods varies widely and has increased over time. The increased costs are largely due to the higher fat content in the newer foods, which is often supplied by dried milk. The Ecuadorian, Mexican, and Peruvian foods cost, respectively, US$0.14, 0.18, and 0.21 per 100 g of dry product for production and distribution.* In contrast, the Colom-bian food costs US$0.07 per 100 g of dry product. The retail price of Incaparina is US$0.17 for a 75-g bag and US$0.55 for a 454-g bag, indicating that the * These figures are not strictly comparable, in that one of the objectives of the program in Peru is to stimulate local agricultural production. Therefore, all macro ingredients have to be purchased locally and manufacture also has to be local, so that the production is not truly competitive. The plants currently producing the Peruvian food do not have other commercial purposes and would cease to exist in the absence of the program. 
A dash indicates that the product was not fortified with the nutrient. However, the nutrient may be present if it occurs naturally in the macro ingredients. Costs include those of production and distribution to the community, though not to the beneficiary. b. Assumes two servings per day at 18.75 g per serving. c. Amount of nutrient in the product occurring both in the macro ingredients and through fortification.
production costs are considerably lower [15] . The cost of micronutrients is very small relative to the cost of the macronutrients in fortified complementary foods [23] . However, the overall cost of these foods can be high relative to the purchasing power of the consumer, depending on the composition of the macronutrients. Therefore, cost considerations in formulation development are critical.
However, cost must also be considered in the context of nutrient density and, in the case of foods provided through the public sector, the amount that the beneficiary actually consumes. For example, Bienestarina (Colombia) is produced at half the cost of Mi Papilla (Ecuador)-US$0.07 versus US$0.14 per 100 g-and Bienestarina provides only 1.5 times the kilocalories per dollar because it is high in protein relative to fat. Per dollar, Bienestarina provides only 62 g of fat, whereas Mi Papilla provides 71 g of fat. Fat content is important because of the role of essential fatty acids in brain development, the positive influence of fat on the absorption of some micronutrients, and its role in improving the palatability of the food, which is likely to affect the amount consumed. No information is available on the consumption of the less expensive low-fatcontent foods; however, the consumption of the foods from Mexico and Peru is acceptable.
Development of a recommended nutrient composition
The development of a recommended nutrient composition for fortified complementary foods requires consideration of both biological and nonbiological factors. Important biological factors include the following: » The age range and nutrient requirements of the target group » The amount of breastmilk consumed, if any, by this group and whether the contribution of breastmilk should be considered in developing a recommended formulation » The proportion of total requirements that should be provided by a fortified food » The ration size » The potential for micronutrient interactions » The bioavailability of the compounds used and the enhancing properties of other micronutrients Nonbiological factors include those related to food technology vis-à-vis the feasibility of manufacturing the recommended physiological optimum, whether the product is instant or requires cooking, its organoleptic properties (those related to taste and sensory aspects), packaging and transport considerations, expected storage time, and cost.
Consideration of the biological factors leads to the formulation of a nutrient composition that is physiologically optimal for the infant and young child. Consideration of the nonbiological factors is necessary to determine how the micronutrient content should vary, taking into account losses due to cooking (if required), storage, and packaging.
Age group and daily ration size
One formulation versus age-specific formulations. A fundamental question in developing a recommended nutrient formulation is whether to recommend one formulation or age-specific formulations. Over the age range under consideration (6 to 24 months), the intake of complementary foods ranges from less than 25 g to more then 250 g of dry food per day [4] . The intake depends on age (which in turn is related to body size and energy requirements) and breastmilk intake. Therefore, a major challenge is to ensure that the nutrient needs of both infants aged 6 to 11 months and young children aged 12 to 23 months are met. In general, infants consume the smallest amounts of complementary food. However, depending on the nutrient in question, their specific nutrient needs might be as great as or greater than those of children aged 12 to 23 months because of their rapid rate of growth and development. Because infants consume less food, ensuring nutrient adequacy for them requires a higher nutrient density or amount of nutrient per 100 kcal. However, a formulation that ensures an optimal nutrient density for infants could result in excessive intakes of some nutrients by children aged 12 to 23 months, because of their greater consumption. For example, a food developed for children aged 12 to 23 months is likely to be inadequate to meet the requirements of infants aged 6 to 8 months for calcium, iron, and zinc [4] . At the same time, a food developed for infants aged six to eight months results in intakes of calcium, iron, and zinc that are too high for older children.
Role of breastfeeding. Breastfeeding status and the contribution of breastmilk toward meeting a recommendation is a key factor in the determination of a desired micronutrient density in a fortified complementary food. This is best illustrated by looking at the proportion of micronutrients needed from complementary foods, assuming an average breastmilk intake (table 3) . Breastfeeding status is not important for nutrients such as iron and zinc, for which breastmilk makes a small contribution toward the total requirement. For these nutrients, nearly the entire requirement must be met by complementary foods. However, for nutrients such as vitamin A, the contribution of breastmilk is variable but can be quite large if a mother has an adequate level of vitamin A and her infant consumes an average amount of breastmilk. Among nonbreastfed children, and children whose mothers have poor vitamin A status and who consume low amounts of breastmilk, a significantly greater proportion of the vitamin A requirement would need to be met by complementary foods.
A conservative approach, which is the one recommended here, is to develop a formulation that meets the largest possible proportion of micronutrient needs of nonbreastfed or minimally breastfed children. At the same time, it is necessary to ensure that the proposed level of any micronutrient does not put children who consume an average or a large amount of breastmilk from well-nourished mothers at risk of excessive intake of the micronutient. This may require reducing the level of fortification.
Recommended daily ration size. The recommended daily ration size (in grams of dry product) is the starting point in developing a recommended nutrient composition, because it determines the volume of food to which the recommended levels of micronutrients are added. Because the recommended amounts of fat, car- c. Amount of nutrient in the product occurring both in the macro ingredients and through fortification. d. Based on a longitudinal study of healthy US children [22] . The first figure is the total daily energy requirement. The figure in parentheses is the estimated amount of energy required from complementary foods, assuming average breastmilk intake.
bohydrate, and protein are based on proportions, they do not vary with ration size. The recommended daily ration size should be based on empirical data on the age-specific amount of fortified complementary food consumed in grams and kilocalories and the contribution (as a proportion in grams and kilocalories) this represents of the total daily diet. This level of precision could be obtained by either a 24-hour recall or weighed intake. Ideally, such empirical data would be obtained in numerous different settings and at a time several months after the introduction of the food. This would ensure that the novelty of the food was not a factor in the measurement and that the measurement reflected the intake of the complementary food in the context of the usual diet and breastfeeding patterns.
Despite the large number of programs that use fortified complementary foods, there are few data on the actual amount consumed that would provide an empirical basis for developing a recommended daily ration size. Only three studies that provided information on the energy obtained from consumption of fortified complementary foods were identified, in Ghana, Mexico, and Peru. In all three the food was provided free of charge to the study or program participants, and in only one were data obtained well after the introduction of the food (11 months) and in the context of total daily consumption. In this study, in Peru, data were collected in the context of the evaluation of a social development program [9] , whereas in Mexico the data were collected as part of an acceptability trial [24] and in Ghana as part of an efficacy study. In Peru, children aged 12 to 23 months consumed 67.3 ± 34.4 g of the daily ration of 90 g of the complementary food. This amount corresponded to 302.3 ± 153 kcal out of a total of 596.8 ± 275.4 kcal consumed (personal communication, López Preciado T, Consultant, Lima, Peru, 2002) and provided 51% of the children's energy consumption. However, only 69 of the 110 children who received the fortified complementary food actually consumed any of the food on the day prior to the interview and were included in the estimate. Also, neither breastfeeding status (yes or no) nor the amount of breastmilk consumed was considered in the estimate.
In Ghana, data from an efficacy study showed that infants aged six to eight months obtained 150 kcal from a complementary food (30 g of dry product), corresponding to 71% of their requirement from complementary foods, assuming an average breastmilk intake [3] (personal communication, Dewey K, Department of Nutrition, University of California, Davis, Calif., USA, 2001). Infants aged 9 to 11 months obtained 170 kcal (from 35 g of dry product), corresponding to 53% of their requirement, again assuming an average breastmilk intake.
In Mexico, data from a two-week acceptability trial showed that infants aged 6 to 11 months consumed 45.1 ± 17 g and children aged 12 to 23 months consumed 52.0 ± 16.9 g of the complementary food (personal communication, Rivera J, Department of Maternal and Child Health and Nutrition, National Institute for Public Health, Cuernavaca, Mexico, 2001). Information is not available from either the Ghanaian or the Mexican studies on the total consumption and the proportion of total energy (in grams and kilocalories) the intakes represent.
Given the data presented above, it seems reasonable to estimate a daily ration of 40 g for infants aged 6 to 11 months and 60 g for young children aged 12 to 23 months. If only one formulation were to be recommended, a daily ration size of 50 g would seem reasonable. However, more data on consumption are needed to improve the basis for these estimations. 
Source of data for recommended intakes
Micronutrients. Selecting the appropriate daily requirement of micronutrients for infants and young children aged 6 to 24 months is a challenging task, since there are several different sources of information, each one using different methodologies in their development (table 4 ). In the United States, the dietary reference intakes (DRIs) published recently by the Institute of Medicine (IOM) provide recommendations for most micronutrients for infants and young children [25] [26] [27] [28] .
The DRIs are sets of recommendations that include the following: estimated average requirement (EAR), recommended dietary allowance (RDA), adequate intake (AI), and tolerable upper intake level (UL). The EAR reflects "the average daily nutrient intake level estimated to meet the requirement of half the healthy individuals in a particular life stage or gender group" [28] . They are used as the basis for setting the RDA, which is defined as "the average daily nutrient intake level sufficient to meet the nutrient requirement of nearly all (97-98%) healthy individuals in a particular life stage and gender group" [28] . RDAs are set at two standard deviations (SD) above the EAR. The adequate intake (AI) is defined as "a recommended average daily nutrient intake level based on observed or experimentally determined approximations or estimates of nutrient intake by a group (or groups) of apparently healthy people that are assumed to be adequate-used when an RDA cannot be determined." The UL is defined as "the highest average daily nutrient intake level likely to pose no risk of adverse health effects to almost all individuals in the general population" [28] .
Because of the paucity of data on nutrient requirements for infants and young children, all recommendations (except iron and zinc) for infants aged 7 to 12 months, and some of the recommendations for young children aged one to three years, are based on AIs. However, because AIs are derived from studies examining the diets of healthy children from developed countries, many of whom consume fortified infant foods, they potentially overestimate the actual requirement. For children aged one to three years, most of the recommendations are based on RDAs that have been extrapolated from other age groups. These two different methods for estimating the DRIs have led to inconsistencies in the recommendations for some nutrients across the two age groups.
The recommendation for vitamin A illustrates this problem. An AI of 500 µg RE has been set for the 7-to 12-month age group and an RDA of 300 µg RE for the age group from one to three years. There is no biological basis for setting a higher requirement for vitamin A in the first year of life than in the second. Rather, the reference intakes reflect the different methodologies and sources of data used in their development. To further complicate the picture, the UL is set at 600 µg RE, which is only 100 µg RE above the AI for the younger age group. Given that the contribution of vitamin A from breastmilk is highly variable and the fact that some children will be receiving no breastmilk, determining the desired content of vitamin A in a fortified complementary food is a challenge.
Another source of dietary requirements frequently used for infants and young children is the recommended nutrient intakes (RNIs) from the dietary ref- [29] . These are used as the basis for complementary feeding guidelines [3, 4] for most nutrients.
RNIs are based on the estimated average requirements plus 2SD and are derived by the factorial method.
Macronutrients. The energy requirement for infants and young children has been decreasing over the past several decades, reflecting new scientific techniques that permit the evaluation of requirements based on energy expenditure and deposition rather than observed intakes. The most recent data are based on longitudinal measures of total energy expenditure and energy deposition from 76 healthy children at 3, 6, 9, 12, 18, and 24 months of age living in Houston, Texas, USA [22] . Among these children, the energy requirements differed by age, breastfeeding status, and sex. Once adjusted for weight, they differed only by breastfeeding status, with the energy requirements for breastfed infants in the age range of 6 to 24 months approximately 4% to 5% less than those for nonbreastfed infants. These new estimates are about 5% to 18% less than those in the 1998 WHO report [3] when expressed as a function of age, and about 5% to 13% less when expressed as a function of body weight. They are about 20% less than the Food and Agriculture Organization (FAO)/WHO recommendations [30] , which are currently being revised in the light of new data and will be released shortly.
The new energy requirements are 615, 686, and 894 kcal per day for the age groups from 6 to 8, 9 to 11, and 12 to 23 months, respectively (table 5). The average breastmilk intakes are 413 kcal for infants aged 6 to 8 months, 379 kcal for infants aged 9 to 11 months, and 346 kcal for young children aged 12 to 23 months [3] . Therefore, the energy requirements from complementary food are 202, 307, and 548 kcal for the age groups from 6 to 8, 9 to 11, and 12 to 23 months, respectively. These can be rounded off to 200 kcal for infants aged 6 to 8 months, 300 kcal for infants aged 9 to 11 months, and 550 kcal for young children aged 12 to 23 months.
With the use of these revised energy requirements and on the assumption of an energy density of 440 kcal per 100 g of dry product, the recommended daily ration sizes provide 87%, 57%, and 48% of the energy needs of infants and young children aged 6 to 8, 9 to 11, and 12 to 23 months, respectively. This assumes that the daily ration size is 40 g for infants aged 6 to 11 months and 60 g for young children aged 12 to 23 months, and that all children are consuming an average amount of breastmilk for their age group. The inverse relationship between the proportion of energy requirements that are met and age makes sense, since the children gradually consume a greater and greater proportion of their complementary foods from the family diet.
Recommended nutrient composition
Iron and ascorbic acid. Iron stores in the liver at birth play a major role in determining iron status and the risk of anemia during the first six months of life. The risk of iron deficiency during this period is generally low among infants of normal birthweight. Among infants of low birthweight, the risk is much greater, and medicinal iron drops are recommended starting at two to three months [32] . The iron in breastmilk, although highly bioavailable, is low in concentration and provides only a very small proportion of the iron requirements. Therefore, after the age of six months, nearly all iron must come from complementary foods. It has been estimated that complementary foods need to provide 97% of the iron requirements for infants aged 9 to 11 months [33] .
Complementary diets generally are low in iron [3] . This is because they are primarily cereal-based and include a small proportion, if any, of meat products that provide heme iron, the most bioavailable source of iron and one that also enhances the absorption of iron from nonmeat sources. Cereal-based complementary foods are not good sources of iron because of their high phytate content [34] .
A fortified complementary food should provide a quantity of iron sufficient to ensure that the food meets the US Recommended Dietary Allowance (RDA) of 11 mg for infants aged 7 to 12 months and 7 mg for toddlers [35] . The compound used should also have a bioavailability of at least 10%. To enhance iron absorption, ascorbic acid should be added in quantities of 70 to 140 mg per day for infants aged 6 to 11 months and 50 to 100 mg per day for young children aged 12 to 23 months. These amounts are in excess of the requirement for ascorbic acid but pose no risk of toxicity. Dried ferrous sulfate of small particle size is the rec- ommended iron compound, because the absorptionenhancing effects of ascorbic acid on this compound have been established [35] . Zinc and copper. For infants aged 7 to 12 months and young children aged one to three years, the new EAR for zinc is 2.5 mg and the new RDA is 3 mg. The UL is 5 mg for infants aged 7 to 12 months and 7 mg for children aged one to three years. However, the fractional absorption of zinc as measured in Mexico (0.32 to 0.37) is lower than the figure of 0.41 to 0.48 used in calculating the DRIs in the United States. The lower estimated fractional absorption found in Mexico is likely to be similar to that in other countries in Latin America, where diets are primarily plant based. Therefore, the recommended level of zinc in a fortified complementary food is 4 to 5 mg [36] . Zinc oxide is the most commonly used compound because it is well absorbed, produces no organoleptic changes, and is significantly less expensive than other zinc compounds [36] . Copper is not currently added to most complementary foods. The AI for copper is 220 µg for infants aged 7 to 12 months. The EAR and RDA for children aged one to three years are 260 and 340 µg, respectively. No UL has been set for infants; the UL is 1 mg for children aged one to three years. The recommended level of fortification is 200 to 400 µg [36] .
Calcium, vitamin D, magnesium, and phosphorus. In the United States, the AIs for calcium for infants aged 7 to 12 months and for young children aged one to three years are 270 and 500 mg per day, respectively [25] . These differ from the UK dietary reference values, which are 525 and 350 mg per day for infants aged 7 to 12 months and for young children aged 12 to 23 months, respectively [33] . The estimated calcium retention is 50% for breastmilk and ranges from 20% to 25% for solid foods [37] . Among infants aged 7 to 12 months, an estimated 130 mg of calcium is obtained from breastmilk, leaving another 140 mg needed from complementary foods [37] . Children aged 12 to 23 months obtain an estimated 100 mg of calcium from breastmilk. Another 250 mg per day from food would be needed to ensure a calcium retention of 100 mg per day. A calcium intake of 350 mg per day is consistent with the recommendations from the United Kingdom, although lower than the US recommendations [37] .
Based on the analysis above, Abrams and Atkinson [37] recommend a level of calcium fortification of 100 to 200 mg per daily ration. This amount is safe and could be incorporated into the food with no undesirable organoleptic changes. For infants and young children who are not breastfed or who are receiving nonhuman milk, this level of fortification is not likely to meet their entire requirement, but it would effectively help prevent calcium deficiency. The calcium compound used does not appear to be a critical issue with respect to bioavailability [37] .
In the United States, the AI of magnesium for infants aged 7 to 12 months is 75 mg per day [25] . For young children aged one to three years, interpolation of data from older children gives an RDA of 80 mg. Although magnesium does not appear to be limited in Latin American diets, fortification of foods with calcium in the absence of magnesium is controversial [37] . The addition of 40 to 60 mg of magnesium per daily ration is very unlikely to have side effects, but it cannot be advocated until further research is conducted to better characterize the magnesium needs of small children [37] . In the United States, the AI of phosphorus for infants aged 7 to 12 months is 275 mg per day. The factorial method was used to set an RDA of 460 mg per day for children aged one to three years. The diets of infants and young children do not appear to be limited in phosphorus, and routine fortification of complementary foods is not likely to be necessary [37] . However, if fortification were to be undertaken, a level of 75 to 100 mg per daily ration would be reasonable.
There is little vitamin D in breastmilk, and the importance of dietary sources of this vitamin is increasingly recognized, particularly among populations with dark skin who receive little exposure to sunlight and who do not have access to vitamin D-fortified products [37] . The AI for infants aged 7 to 12 months and children aged one to three years is 5 µg [25] . A level of fortification of 1 to 2 µg per daily ration is recommended and would be safe [37] .
Vitamin A. The Dietary Reference Values for vitamin A in the United Kingdom are 350 and 400 µg RE for infants aged 6 to 11 months and children aged 12 to 24 months, respectively [29] . The AIs set in the United States are 500 µg RE for infants aged 6 to 12 months and 300 µg RE for children aged one to three years [28] . The safe upper limit has been set at 600 µg RE. Among well-nourished women, breastmilk is an important source of vitamin A, meeting between 40% and 75% of the AIs for infants and young children aged 6 to 24 months [38] . Nonbreastfed children who do not receive vitamin A from meat sources may not receive sufficient provitamin A carotenoids from plant sources, particularly given their lower bioavailability from plants than was previously calculated. However, meeting the needs of nonbreastfed children with a fortified food, while at the same time ensuring that breastfed children do not receive too much vitamin A, is a challenge because of the relatively low level of vitamin A that has been declared as the safe upper limit (600 µg RE). On the basis of dietary intakes from complementary foods in Latin America, a level of fortification of 250 µg RE per 100 g of daily ration would meet 80% of the vitamin A needs of nonbreastfed children and all the needs of breastfed children, and it would not exceed the upper limit set by the United States for intake by breastfed children consuming the recommended daily ration [38] .
High-dose vitamin A supplementation is not relevant in considering fortification levels. At present, the coverage of semiannual doses, which are necessary to keep vitamin A stores at an adequate level and to prevent subclinical deficiency, is not widely achieved. The risk of toxicity in the presence of both vitamin A supplementation and the recommended levels of fortification is negligible.
B vitamins. Because of a lack of quantitative data on which to base precise recommendations, the US recommended intakes of B vitamins for the target population are AIs, which, as noted earlier, are based on observed intakes. Also as previously mentioned, these have the potential to exceed the actual requirements. For infants aged 7 to 12 months, the AIs for thiamine and niacin were estimated by extrapolating down from the adult estimated average requirements (EARs) ± 2SD. In the case of biotin, the EARs were estimated by extrapolating upwards from the AI of infants aged zero to six months. For riboflavin, vitamin B 6 , folate, vitamin B 12 , pantothenic acid, and choline, the EARs were estimated by extrapolating upward from the AIs of infants aged zero to six months and downward from the adult EAR ± 2SD [39] . For young children aged 12 to 24 months, the recommendations for thiamine, riboflavin, niacin, vitamin B 6 , and folate were estimated by extrapolating down from the adult EARs ± 2SD to derive the RDA. In the case of pantothenic acid, biotin, and choline, the recommended intakes are AIs because the adult recommendations are also AIs. The US recommendations are similar to those set in the United Kingdom, with the exception of a lower recommendation for folate in the United Kingdom. With the exception of niacin, folic acid, and choline, none of the vitamins has an upper limit of intake.
The recommended levels of fortification are calculated per 100 kcal and are set to cover the needs of the groups with the highest requirements (in this case, those not breastfeeding) (table 6) [39] . The recommendations also assume that the child will need to meet his or her requirement from this complementary food and that there is no risk of toxicity at any of the proposed levels.
Iodine. The International Council for the Control of Iodine Deficiency Disorders (ICCIDD) and WHO recommend a daily intake of 90 µg of iodine for infants and young children. This recommendation is similar to that of the US Food and Nutrition Board [40] . Despite worldwide efforts to fortify salt with iodine, pockets of deficiency continue to exist; however, at the same time, excess iodine intake has been documented in a number of countries in Latin America [41] . Iodine is not routinely added to fortified complementary foods, and Dunn has recommended the addition of 90 µg per daily ration to ensure an adequate intake for infants and young children [41] .
Micronutrient interactions
Although micronutrient interactions among some of the minerals are possible, none of them is likely to be important at the concentrations suggested in the preceding section. There is a potential risk that fortification with mineral salts will reduce the bioavailability of other minerals in the food by either changing their intestinal solubility or competing for uptake at absorption sites [37] . However, data on such potential mineral-mineral interactions have come primarily from studies of single mineral dietary supplements, as opposed to the use of minerals as fortificants in foods [37] .
Concern has primarily centered on the effect of fortification with calcium and phosphorus on iron and zinc absorption, the effect of fortification with zinc on copper absorption, and the effect of fortification with iron on zinc absorption. However, several studies have shown that neither iron absorption nor its status was affected when infants were fed calcium-and phosphorus-fortified formulas [42] , or when children were fed a calcium-fortified breakfast cereal [43] . Data are not available to provide recommendations on the optimal dietary ratios of calcium to zinc [37] . Negative effects of typical zinc intakes on copper absorption have not been demonstrated [36] . However, the addition of conservative amounts of copper to zinc-fortified foods may need to be considered. Fortification of foods with iron does not have a negative effect on zinc absorption [44] . The only exception to this finding was when the iron: zinc molar ratio was 25:1, a ratio that is highly unlikely to occur in fortified foods.
Additional macrolevel approaches
Sprinkles
Another potential macrolevel approach to improving micronutrient nutrition is to prepare packets of encapsulated micronutrients, each packet containing one daily ration, that are sprinkled onto food [45] .* One of the main advantages of such sprinkles is that they can be produced and distributed at a far lower cost than complementary foods. Although such a packet is not commercially available, the cost of production in Canada and transport to Mongolia of a 0.5-g packet containing iron, vitamin C, vitamin A, vitamin D, zinc, and folic acid would be about US$0.03 (personal communication, Zlotkin S, Departments of Pediatrics and Nutritional Sciences, University of Toronto, Toronto, Canada, 2001). Calcium cannot be added to sprinkles because of its bulk and expense. The low energy density of the complementary foods that are often used is not addressed by this approach. However, energy density could be addressed by a complementary strategy to encourage the addition of fats or oils to local foods. At present, this strategy, although widely recommended, is not ideal because of the dilution of the micronutrients present [3] . The iron source in the sprinkles is ferrous fumarate, which is encapsulated in a soy lipid to ensure that it does not produce organoleptic changes when added to foods or cause rancidity during storage. This kind of encapsulated iron compound is widely used in baking, is relatively inexpensive, and is available from a large number of producers. The packet is a four-layer package consisting of paper-polyethylene-foil-polyethylene. This package has been shown to prevent gumming of the micronutrients in hot and humid climates [45] .
Thus far, the effect of sprinkles has been evaluated only on iron status. Sprinkles were found to be as efficacious as iron drops among anemic young children aged 6 to 18 months over a two-month period [45] . An effectiveness study is under way in Mongolia with packets containing iron, zinc, vitamin C, vitamin A, vitamin D, and folic acid. Bioavailability studies using stable isotopes are also under way.
Overdosing is not likely to be a problem, since each packet contains no more than the RDA of each nutrient, and a child would have to consume multiple pack-ets to receive toxic doses. The four-layer packaging is also a deterrent, since it makes the packets difficult to open. Also, data from the previously cited study show that parents did not use more than one packet per day and sometimes used less. Therefore, children might not be getting the required amounts of the nutrients if parents are trying to save the contents of the packets and make them last longer.
Although they still in the research and development stages, sprinkles could potentially play a role similar to that of oral rehydration salts, with distribution through both the public and the private sectors. Comprehensive social marketing campaigns would be required to convince the public and health professionals of their utility.
Fat-based spreads
A fat-based spread fortified with multiple micronutrients, has been developed as a ready-to-use food by the Institute of Research and Development in Paris and is commercially available. Originally developed for the rehabilitation of severely malnourished children, for which it is as effective as the standard WHO F100 diet [46] , the concept has potential application to improve the energy and micronutrient density of complementary foods in nonemergency settings [47] . These products have the advantage of providing a food of high energy and nutrient density while being highly resistant to bacterial contamination [48] . They can be mixed with local complementary foods or eaten alone as a snack.
These products have a long shelf-life because all of the powdered ingredients are embedded in fat, which protects the micronutrients from oxidation. Because they contain no water and have a very low humidity, they are also naturally resistant to bacterial contamination [47] . They can therefore be used safely under poor hygienic conditions. The cost of the spreads depends on their macro-and micronutrient content. The micronutrient contents are usually cheaper than the fat, protein, and carbohydrate contents. Cost estimates suggest that spreads are less expensive than blended foods or locally available foods [49] .
The spreads are made by mixing the dry powdered ingredients (dried milk products, precooked soy flour, sugars, dextrin maltose, minerals, and micronutrients) with vegetable fat. The spreads were originally made by replacing part of the dried skimmed milk in the WHO F100 product with dried lactoserum and peanut butter [48] . The advantages of peanut butter in some regions of the world are that it is inexpensive and locally available and has a high fat content, the right viscosity over a large range of temperatures, and an acceptable taste. The disadvantage is that it can provoke severe allergic reactions. This has not been a problem in the settings where the spread has been used, but it is of potential concern. Peanut butter could be substituted for differ-* Zlotkin S, Arthur P, Antwi Y, Schauer C, Yeung G. Randomized placebo-controlled trial of iron for short-and longterm prevention of anaemia in previously treated infants. Unpublished document. ent sources of fat, but this is likely to increase the cost. In a field trial in Algeria, the dried milk products were replaced by precooked soy flour, which is considerably less expensive but is high in phytate, which impedes mineral absorption [50] .
Although spreads are highly developed and are increasingly used to treat severe malnutrition in famine situations [51] , additional research and development are needed for their application outside emergency settings. Very preliminary data suggest that spreads would be acceptable to young children and mothers (personal communication, Dewey K, Department of Nutrition, University of California, Davis, Calif., USA; personal communication, Lartey A, Department of Nutrition and Food Science, University of Ghana, Legon, Ghana, 2000) . However, to date, no attempts have been made to develop a spread specifically designed for infants and young children aged 6 to 24 months [48] . A number of questions for this age group would have to be addressed: At what age can a child safely eat a spread as a snack? Is the absorption of iron impaired when it is surrounded by fat in the duodenum? What would be the optimum micronutrient content?
In order for products such as fortified complementary foods, sprinkles, and nutritionally sound formulations to have an impact beyond the population that participates in feeding programs, demand for the products and a distribution network have to be established in the commercial sector. Comprehensive social marketing campaigns are required to convince the public and health professionals of their utility.
Economic considerations*
Given the increase in urbanization and cash economy throughout the developing world, the commercial sector has a potential role to play in the marketing of fortified complementary foods. At present, the dominant products in many countries are those of Nestlé and Gerber, which are widely advertised, expensively packaged, and accessible to only a very small proportion of the population. These products sell at a price many times higher than the cost of a nutritionally similar product [18] . As mentioned earlier, although a number of public agencies have introduced low-cost fortified complementary foods, most have failed to achieve a sustained demand in the open market and have, therefore, failed as commercial endeavors. The one notable exception to these market failures is Incaparina, which, although developed by a public agency, is produced by a private company and is widely available at low cost.
Credence attributes and asymmetric information
One difficulty in achieving market demand for lowcost fortified complementary foods stems from the fact that nutritional density is what economists refer to as a "credence attribute" [52] . A credence attribute is a desired quality that is unobservable prior to use and also cannot be observed after use because of the many confounding factors that impede assessment of its effect. In the case of infant and young child nutrition, these factors include infections, parasites, and possibly prenatal programming because of small maternal size. Also important is the fact that neither micronutrient status nor growth can be readily observed. Because nutrient density is unobservable, a consumer must make purchases while trusting that the product contains what is on the label and will fulfill what is promised. Economists have noted that this kind of asymmetric information, unless corrected, reduces sales because consumers are unwilling to pay for any given product out of concern that an inferior one has been substituted [53] (cited by Masters and Sanogo [52] ).* To sustain a commercial market for the product, the producer must build trust through brand identity and aggressive promotional campaigning or reliance on a third party to provide certification of the contents. Both solutions involve costs in communicating information.
Building trust on brand identity involves signaling quality by high prices [54] (cited by Masters and Sanogo [52] ), conspicuous expenditure on packaging and advertising [55] (cited by Masters and Sanogo [52] ), and a combination of both strategies [56] (cited by Masters and Sanogo [52] ). These are very expensive to the consumer but provide assurance that the producers have an incentive to maintain quality.
Third-party certification
Voluntary third-party certification is used to create a separate market for information about product quality, which consumers can observe directly through a seal or some other identifying mark on a product. At the same time, it encourages producers to maintain quality at competitive prices [57] (cited by Masters and Sanogo [52] ). Such a system is somewhat self-policing, since all producers who participate have the incentive that the products of their competitors are tested with the same standards of quality. Certification encourages producers to invest in a collective brand identity and to compete in the market by providing that "brand" at a lower cost or by offering some other attribute, such as improved packaging. Although the producer pays for the cost of certification, these costs are minimal and can be passed on to the consumer.
Certification has fixed costs and requires a minimum market size to be cost-effective and self-financing [58] (cited by Masters and Sanogo [52] ). It is not likely to be attractive to well-established producers, who will prefer the high profits stemming from brand identity and their monopoly of the market. However, such producers might be induced to join a certification program and reduce their prices if, as a result of competition with the products of other companies, they see their market share and profits decline [59] (cited by Masters and Sanogo [52] ).
Certification is already widely used for fortified complementary foods, but it is limited to large buyers who contract independently for laboratory testing. The World Food Program, which contracts a large share of its complementary food (blended food) production to manufacturers in developing countries, uses independently registered surveyors to test the products and to issue a Certificate of Fitness for Human Consumption [18] . A similar testing program is conducted for the complementary foods distributed through the USAID Title II program [60] .
There are some examples of third-party certification of food and products purchased at the level of the household, although not yet for fortified complementary foods. In Chile, the Instituto de Nutrición y Tecnología de Alimentos (INTA) certifies the quality of salt iodation and communicates this information to the consumer by putting their seal on the top of each salt container. In Argentina, the Centro de Estudios Sobre Nutrición Infantil (CESNI), a well-known nutrition institute, has been involved in the development of a fortified bread product with a national company. CESNI has entered into an agreement with the producer to certify that the product meets the advertised fortification levels through twice-monthly, random quality control checks and, in exchange, will permit the use of its logo on the bread. The producer will pay CESNI for the testing, passing on the minimum cost to the consumer (personal communication, O'Donnell A, Centro Estudios sobre Nutrición Infantil, Buenos Aires, Argentina, 2001). Finally, even though INCAP does not directly evaluate the nutritional content of Incaparina, its success in the market may relate to its association with this widely known nutrition institute.
The introduction of a certification program requires concerted action by consumers or the government to document the demand for certification and initiate a credible program. A national or institutional authority needs to establish sampling and testing protocols, authorize a laboratory to collect fees for quality control testing, and authorize producers who meet the criteria to use a standard certification logo on the product package and at the point of sale [52] . As in the Chilean and Argentinean examples, it is best if the certifying institution is well known to the consumer so as to generate confidence and willingness to pay for the quality assured by the certification seal. Potential problems of liability in the event that a certified product results in harm to the consumer can be avoided through careful legal contracts so that the certifying agency is ensuring only the content and level of micronutrients, macronutrients, or both.
It is important to note that a third-party certification system certifies only that the product contains what is on the label and does not certify the nutritional adequacy of the food. Nutritional adequacy is ensured by adherence to the Codex Alimentarius Standard for Processed Cereal-Based Foods for Infants and Children, which any product traded on the international market is mandated to comply with. To guarantee the minimal standard of nutritional quality mandated by the Codex, any third-party certification system for fortified complementary foods should insist that products comply with the Codex.
Mothers' willingness to pay
Limited data suggest that mothers, including those with little education and resources, are willing to pay for a product that contains a seal of certification [52] . An experimental trial in the capital of Mali showed that, on average, the premium that mothers were willing to pay for a seal of certification was an additional US$1.75 per kilogram of fortified complementary food. This amount is additional to other costs, which would be expected to vary with the ingredients, packaging, and location, and it represents approximately four times the estimated certification cost. Although higher-income and better-educated mothers were willing to pay more for certification, very poor and uneducated mothers were also willing to pay for certification in excess of the estimated costs of such a program. Furthermore, they were unwilling to pay for anonymous products of unknown quality [61] . This behavior is eminently rational. A recent analysis of a national complementary food in Uganda, Kenya, and Mali showed very irregular standards of quality, with a range of 6.5% to 12.9% in protein content and 2.6% to 5.6% in fat content (personal communication, Masters W, Department of Agricultural Economics, Purdue University, West Lafayette, Ind., USA, 2001). The trial also showed that less than one-tenth of the mothers' willingness to pay for the brand name of Nestlé cereals was for adequacy of the ingredients, one-third was for basic processing of the ingredients, one-third was for the quality of information provided by the label, and the rest was for other attributes, such as better processing, more durable packaging, and residual confidence above that provided by a certification agency [52] .
The results suggest that the certification of a product would not eliminate the value of a product of a differ-ent brand that is currently well known on the market, but it could have a significant impact on its profitability. More importantly, certification has the potential to develop a market for other nutritionally adequate and lower-cost products accessible to a broader range of consumers. Thus, it would facilitate the entry and expansion of new and small-scale producers. There may also be a demand for such certification from producers.
Policy considerations
Consumer protection
Given the infant morbidity and mortality that have resulted from the unethical and inappropriate marketing of breastmilk substitutes [2, 19, 21] , the fact that many companies producing infant formulas also produce complementary foods, and the potential of such foods to compete with breastmilk and local foods, strong and enforceable consumer protection and consumer education are of critical importance. The principal international documents regulating the composition and marketing of complementary foods and thus providing the basis for consumer protection are the International Code of Marketing of Breast-Milk Substitutes [2] , subsequent relevant World Health Assembly (WHA) resolutions, and the Codex Alimentarius Standards for Canned Baby Foods and for Processed Cereal-Based Foods for Infants and Children [62] . For the purposes of promoting fortified complementary foods that can potentially reach a large proportion of the population, the Codex Standard for Processed Cereal-Based Foods is more relevant than the Standard for Canned Baby Foods. Also relevant are the Guidelines on Formulated Supplementary Foods for Older Infants and Young Children, which are included in the 1991 revision of the Codex Standard for Processed Cereal-Based Foods for Infants and Children [63] .
International Code of Marketing of Breast-Milk Substitutes
The International Code of Marketing of Breast-Milk Substitutes, adopted by the World Health Assembly in 1981 [2] , with subsequent relevant World Health Assembly Resolutions, collectively known as the Code, provides guidelines for the marketing of breastmilk substitutes, bottles, and teats. Article 2 of the Code, which addresses the scope of the Code, states that "The Code applies to marketing, and practices related thereto, of the following products: breast-milk substitutes, including infant formula; other milk products, foods and beverages, including bottle-fed complementary foods, when marketed or otherwise represented to be suitable with or without modification, for use as a partial or total replacement of breast-milk, bottles and teats." As such, the Code applies to complementary foods when they are represented as suitable for use as partial or total replacement for breastmilk. Article 3 of the Code defines a complementary food as "…any food, whether manufactured or locally prepared, suitable as a complement to breast-milk or to infant formula, when either becomes insufficient to satisfy the nutritional requirement of the infant." Inasmuch as the recommended duration of exclusive breastfeeding is six months (resolution WHA54.2) [64] , complementary foods should not be promoted or marketed for infants below this age. Thereafter, foods should not be marketed in ways that promote their use as a substitute for breastfeeding. This was stressed by the World Health Assembly in 1996 (resolution WHA49.15) when it urged governments "to ensure that complementary foods are not marketed for or used in ways that undermine exclusive and sustained breastfeeding."
Codex Alimentarius
The Codex Alimentarius Commission was established in 1962 by the World Health Organization and the Food and Agriculture Organization (FAO) to carry out the Food Standards Program. The goal of this program is to protect the health of consumers and facilitate international trade in foods. The Codex Standard for Processed Cereal-Based Foods for Infants and Children was adopted in 1976 and amended in 1985, 1987, and 1991 [62] . It sets standards for the essential composition of such foods, including the kinds of cereals to be used, the content and quality of protein, and the sodium content. The section on Optional Ingredients proposes that the addition of vitamins and minerals should be in conformity with the legislation of the country in which the product is sold and, thus, does not provide specific standards to follow for micronutrient fortification. The Standard also provides guidelines on quality factors, consistency and particle size, food additives, contaminants, hygiene, packaging, labeling, and methods of analysis and sampling. It is currently undergoing further revisions, and a critical question is how the most recent resolution of the World Health Assembly regarding the recommended duration of exclusive breastfeeding will be reflected in these revisions.
The purpose of the Guidelines on Formulated Supplementary Foods for Older Infants and Young Children [63] is to provide guidance on the nutritional and technical aspects of the production of formulated supplementary foods for older infants and young children. These guidelines propose the following: » An energy density of at least 400 kcal per 100 g of the food » An amino acid score of not less than 70% of that of casein » A fat content between 20% and 40%, corresponding to 10 to 25 g of fats or oils per 100 g of the food, with the level of linoleic acid not less than 300 mg per 100 kcal or 1.4 g per 100 g of product
The Guidelines further state that when a complementary food for older infants and young children is supplemented with one or more nutrients, the total amount of the added vitamins and minerals should be at least two-thirds of the reference daily requirements per 100 g of the food on a dry matter basis. However, they also state that this information is "simply a guideline to emphasize the nutrients to be considered in the development of a supplementary food" (p. 60) and that "appropriate modifications might have to be made for adapting them to specific conditions" (p. 57) [63] .
The Codex Standard for Processed Cereal-Based Foods for Infants and Children needs to be improved and updated. The Guidelines suggest a consumption of 100 g per day (about 400 kcal), even for infants. This is an extremely large amount, given that the estimates of energy needed from complementary foods for infants receiving an average amount of breastmilk are only 200 kcal for infants aged 6 to 8 months and 300 kcal for those aged 9 to 11 months [4] . Also, data from Ghana, Mexico, and Peru show that infants consume far less than this amount. Therefore, even if the guidelines for nutrient fortification were followed, inasmuch as infants are likely to consume less than 100 g per day of the complementary food, they would receive far less than two-thirds of their vitamin and mineral requirements.
Improving the policy environment
Measures can be adopted to provide incentives or eliminate disincentives for the development and marketing of fortified complementary foods. In Argentina, the tax on milk fortified with nutrients other than vitamins A and D was more than 20% higher than the tax on minimally fortified milk. As part of an initiative to fortify the milk used in the national maternal and child health programs with iron and zinc, the law was changed and the tax was removed. Since the new law also applies to milk not distributed through the maternal and child health program, milk fortified with iron and zinc in addition to vitamins A and D can now compete in the market with milk fortified with only vitamins A and D.
Potential challenges
A major challenge in promoting fortified complementary foods is to ensure that such foods are promoted in a way that does not confuse a promotional message with one that creates a reliance on any particular commercially produced product or that undermines breastfeeding or the use of local foods. Ideally, fortified complementary foods would be promoted within the context of enforceable Code legislation. In some countries, the National Breastfeeding Committee or other entity reviews all labels of formulas and infant foods to ensure that they include messages about the importance of breastfeeding. Ideally, this would be part of enforceable Code legislation or, at a minimum, a mandate of the relevant government infant feeding committees. It is also important for such a review to ensure that information about the importance of local foods in the diet of young children is also included. For example, in Ecuador the package of a fortified complementary food distributed as part of a national strategy to improve infant and young child nutrition includes messages about the importance of breastfeeding and dietary variety. To avoid giving consumers the idea that other foods were not also necessary, the words "a complete nutritional food" were not included on the package.
Another major challenge is the monitoring of quality control. Funding for ongoing quality control and assurance measures is often inadequate and has been an ongoing problem with other fortification strategies. For example, in Latin America only 5 countries have adequate monitoring programs for iodized salt, and 10 have partial monitoring [41] . A system to ensure the nutritional quality of the products would be needed, possibly through a third-party certification system, as described above.
Recommendations for action
Global level 1. Support active participation and involvement of developing countries in relevant Codex committees. With increased globalization and enforcement of the Codex by the World Trade Organization, it is becoming increasingly important in the commercial sector. Active participation of developing countries in the development of the Codex standards relevant to infant and young child nutrition is critical to ensure that the best interests of young children (the vast majority from developing countries) are served.
Support technical consultations to inform relevant
Codex committees of the nutritional requirements for fortified complementary foods. For example, a daily ration size of 100 g is far too high. Guidelines should also specify mineral compounds that should be used, particularly with respect to iron, since bioavailabilities and cost vary markedly.
Support implementation and monitoring of the
International Code of Marketing of Breast-Milk Substitutes. The promotion of fortified complementary foods in the commercial sector should only exist in the context of enforceable Code legislation. 4. Develop protocols for quality assurance testing of fortified complementary foods. 5. Convene a meeting to review experiences with thirdparty certification systems and to analyze legal and party certification systems and to analyze legal and other implications. Develop a model protocol for a quality certification system. Advocate for the development of such systems in developing countries. 6. Support efficacy and effectiveness research on fortified complementary foods, sprinkles, and spreads to determine the optimal level of fortification and the amounts consumed per day and per serving by age group (6 to 8, 9 to 11, and 12 to 23 months). 7. Support the analysis of the bioavailability of iron and zinc in the fortified foods currently used in feeding programs and available in the commercial market.
National level
1. Carry out implementation, monitoring, and enforcement of the International Code of Marketing of Breast-Milk Substitutes. 2. Participate in the relevant Codex committees.
Identify research centers or independent laboratories
that could serve as possible sites for a third-party certification system. 4. Contemplate the possibility of setting up a regional monitoring, evaluating, and certifying system for fortified complementary foods.
